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System, substrate plate and incubation device for conducting 
bioassays 

The present invention relates to a system for 
conducting bioassays, comprising a substrate plate with a 
number of wells, and an incubation device for holding the 
plate. The invention further relates to a substrate plate 
with wells, and to an incubation device for such a system. 

WO 01/19517 of the same applicant discloses a system 
with an analytical test device comprising a substrate such as 
a metal oxide membrane having through-going oriented chan- 
nels. Such membranes have oriented channels with well con- 
trolled diameter and advantageous chemical surface proper- 
ties. When used in a bioassay the channels in at least one 
area of the surface of the metal oxide membrane are provided 
with a first binding substance capable of binding to an ana- 
lyte. According to a preferred embodiment the metal oxide 
membrane is comprised of aluminium oxide. Reagents used in 
these bioassays are immobilized in the channels of the sub- 
strate and the sample fluid will be forced through the chan- 
nels to be contacted with the reagents. 

This known analytical test device is composed of a 
plastic support with an encapsulated substrate layer. Open- 
ings in the plastic support define wells with a certain di- 
ameter, said wells exposing the sxibstrate, and the area of 
the substrate exposed in the well being provided with at 
least one binding substance specific for at least one ana- 
lyte. An amount of sample fluid is added to one or more of 
the wells of the device, the amount of added sample fluid be- 
ing calculated on the basis of the dimensions of the wells 
and the substrate. An alternating flow is- generated through 
the sxibstrate in the wells whereby the litjuid volume of sam- 
ple fluid is forced to pass through the channels in the sub- 
strate from the upper side of the substrate to the lower side 
of the substrate and back at least one time, under conditions 
that are favorable to a reaction between an analyte present 
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in the sample and the binding substances. Any signal gener- 
ated in any of the wells is read and from said signals the 
presence, amount, and/or identity of said one or more ona- 
lytes are determined. When the heat block of the incubator 
5 device is covered by a transparent material, such as a glass 
• cover, the wells can be analyzed and the reading signal can 
be determined through the heat block. 

Improvements of this known system are described in 
international patent applications PCT/EP02/02446 , 

10 ■ PCT/EP02/02447 and PCT/BP02/02448 of the same applicant. The 
known system is not suitable for high throughput screening, 
as it is not automation- friendly and the number of tests in 
one parallel processing cycle is restricted. 

The invention aims to provide a system of the above- 

15 mentioned type with improved high throughput screening capa- 
bilities allowing parallel processing of a large number of 
arrays in automated robotic platforms . 

According to the invention a system is provided, 
wherein the substrate plate comprises a microplate with an 

20 array of wells arranged in rows and colixrans, wherein the bot- 
tom of each well is a microarray substrate having oriented 
flow-through channels, and in that the incubation device com- 
prises an incubation chamber for holding the microplate and a 
cover for sealing the inciobation chamber, said incxxbation de- 

25 vice having a heat block with array of openings, each opening 
adapted to receive a well of the microplate, wherein a seal- 
ing gasket is provided for individually sealing each well of 
the microplate. 

In this manner a system is obtained with a mi- 

30 croplate with wells which can be made according to a SBS 
standard format allowing the use of standard screening in- 
strumentation, especially in automated robotic platforms. Us- 
ing for example a microplate with an array of ninety-six 
wells allows a parallel processing of a large number of mi- 

35 croarrays resulting in a very efficient high throughput 
screening . 

The invention further provides a microplate, com- 
prising an array of wells arranged in rows and columns. 
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wherein the bottom of each well is a microarray substrate 
having oriented flow-through channels. 

The invention also provides an incvibation device to 
be used in the system of the invention. 
5 Finally, the invention provides anpparatus for con- 

ducting high throughput screening tests, comprising a system 
of the invention-, a device for linearly moving the incubation 
device along a plurality of stations including a station for 
loading a microplate into the incubation device, a station 
10 for dispensing a liquid into the wells of the microplate, and 
a reading station for individually illuminating each stib- 
strate of the microplate, wherein a device is provided for 
moving the inciabation device with the microplate with respect 
to the reading station in mutually perpendicular directions. 
15 The invention will be further explained by reference 

to the drawings in which embodiments of the system, the mi- 
croplate and the incubation device of the invention are sche- 
matically shown. 

Fig. 1 shows a top view of an embodiment of the sys- 
20 tern of the invention. 

Fig- 2 is a side view of the system of Fig. 1, 
wherein the incubation device, the cover and the microplate 
are separately shown. 

Fig. 3 shows a side view of the system of Fig- 1, 
25 wherein the wells of the microplate are located within the 
openings of the heat block of the incubation chamber. 

Fig. 4 is a side view of the system of Fig. 1, 
wherein the cover is in its closed position. 

Fig. 5 shows an apparatus for performing bioassays 
30 using the system of the invention. 

Referring to the drawings, there is shown a system 
for performing bioassays, preferably high throughput screen- 
ing tests. The system comprises a microplate 1 as substrate 
plate, the microplate 1 having an array of wells 2 arranged 
35 in rows and columns, as can be seen in Pig. 1. In the embodi- 
ment shown, the microplate 1 comprises ninety-six wells ar- 
ranged in eight rows and twelve columns. Of course other ar- 
ray arrangements are possible, for example with 8, 12, 24, 
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48, 384 or 1536 wells. As schematically shown in the side 
views of the system of Figs. 2-4, the bottom of each well 2 
is* provided by a microarray substrate 3 . The substrates 3 are 
located substantially in the sam virtual plane. 
5 Each substrate 3 is made of a porous flow-through 

• metal oxide membrane. The substrate 3 is preferably an alu- 
minium oxide having a large number of through-going channels 
oriented mainly perpendicular to the upper and lower services 
of the substrate. Preferably the channels are capillary chan- 

10 nels. In a practical embodiment of the substrate 3, the in- 
ternal diameter d of the siabstrate can be 5 im\, wherein the 
channels may have a spacing of approximately 150-200 nm, A 
binding stibstance can be bound to the substrate in groups of 
channels at a spacing of 200 |im. Such a group of chcinnels can 

15 be indicated as a spot or spot area. Each substrate 3 may 

have 300-400 spots or more. For a further description of the 
substrate material reference is made to the above-mentioned 
international patent application WO 01/19517, It will be un- 
derstood that the number of wells, the number of spots and 

20 the dimensions are mentioned by way of exan^^le only and may 
be varied as desired. 

In a preferred embodiment the wells 2 have a conical 
shape as shown in the drawings. However, the wells 2 may have 
a different shape. The conical shape of the wells 2 optimizes 

25 the imaging characteristics of the microplate 1, i.e. reduc- 
tion of scattering and reflection of light and enablement of 
darkfield imaging. The microplate 1 has a skirt 4, wherein 
the lower side of the skirt 4 is located in the same virtual 
plane as the substrates 3 or is located at a higher level. 

30 Such dimensions of the skirt 4 allows an on-the-f ly spotting 
of the substrates 3 of the microplate l. The microplate 1 is 
made of a suitable plastlp material, e.g. LCP, TOPAS or poly- 
propylene, but it can also be made out of other suitable ma- 
terials such as glass or silicon. The material used must be 

35 chemically resistant and heat resistant upto 120 ^C, robot 

compatible, optically compatible, i.e, flat and minimal auto- 
fluorescence. Further the material should have minimal bind- 
ing properties for labeled biomolecules . Preferably the mi- 
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croplate material is black to minimize autof luorescence and 
refractive back scattering of light. As an alternative it is 
possible to provide the tnicroplate 1 with a coating to obtain 
the desired non- reflective properties. 
5 The substrates 3 are incorporated into the wells 2 

by moulding, glueing, thermal bonding or any other suitable 
method. The substrates 3 are flat and are preferably located 
in the same virtual plane, i.e. are parallel to a virtual 
plane within a distance less than 100 |im. 

10 The system further comprises an incubation device 5 

providing an inc\ibation chanvber 6 for holding the microplate 
1 and a cover 7 for sealing the incvibation chamber 6- The in^ 
cubation device 5 has a heat block 8 with an array of open- 
ings 9, each opening having a conical shape corresponding to 

15 the shape of the wells 2. The conical shape of the wells 2 
provides a self-centering effect during positioning of the 
microplate 1 in the incubation device 5. The maximum thick- 
ness of the heat block 8 corresponds with the depth of the 
wells 2 of the microplate 1. In this manner the substrates 3 

20 of the wells 2 are either projecting out of the heat block 8 
or aligned flush with the lower surface of the heat block 8. 
Thereby a sample fluid attached to the lower surface of a 
substrate 3 cannot contaminate the heat block 8 . 

Each well is received within an opening 9, so that 

25 the outer wall of a well 2 of the microplate 1 is fitted 

within the inner wall of the corresponding opening 9, In this 
manner an optimum heat transfer from the heat block 8 to the 
wells 2 is obtained. 

The incubation device 5 has a circumferential wall 

30 10 and a bottom wall 11, wherein the heat block 8, the 

circumferential wall 10 and the bottom wall 11 enclose an air 
chamber 12 having a connection 13 for an external vac- 
uum/pressure system not shown. Further , the air chamber 12 
has a drain connection 14. The drain connection 14 can be 

35 closed by means of a valve not shown. 

The incubation device 5 is preferably made of a 
metal and is providing with a heating element to control the 
temperature of the incubation chamber and thereby of sample 
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fluids provided in the wells 2 of a tnicroplate 1 received in 
the incubation chamber. The heating element can be made as a 
heating block containing one or more Peltier elements. As an 
alternative heat may be transferred to the incubation chamber 
5 via a water bath. 

As shown in Figs. 2-4, a sealing gasket 15 is pro- 
vided on the lower side of the circumferential wall of the 
cover 7, As an alternative the gasket could be provided on 
the upper side of the circumferential wall 10 of the incuba- 

10 tion device 5. This sealing gasket 15 seals the incubation 
device 5 when the cover 7 is in the closed position of Pig. 
4. The air chamber 12 is then closed in an air-tight manner. 
A further sealing gasket 16 is provided, having circular 
openings 17 with a diameter corresponding to the diameter of 

15 the openings 9 at the surface of the heat block 8 . Preferably 
the sealing gasket is sealingly fixed on the inner side of 
the cover 7 . When the cover is in its closed position the 
gasket 16 sealingly engages the upper side of the microplate 
1. In view of the shape of the sealing gasket 16 each well 2 

20 of the microplate 1 is individually sealed with respect to 
the other wells 2 and the environment. 

The cover 7 is preferably transparent and is made of 
glass, for example. The cover 7 can be provided with a heat- 
ing element, for example by incorporating transparent elec- 

25 trical wires in the cover material. As an alternative a heat- 
ing element having the same shape as the heat block 8 could 
be used for heating the cover. The cover 7 can be heated in 
this manner to prevent condensation during conducting a high 
throughput screening test. The transparency of the cover al- 

30 lows a real time measurement to be made from above using a' 
CCD system or a suitable optical scanner. 

During operation, the pressure in the incubation de- 
vice can be controlled by a vacuum/pressure system connected 
to the connection 13. To perform high throughput screening 

35 bioassays, one or more sample fluids are provided in the / 
wells 2 and the microplate 1 is inserted into the incubation 
chamber 6. The cover 7 is brought in its closed position as 
shown in Fig. 4 and the pressure within the air chamber 12 is 
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controlled. A low pressure in the chamber 12 creates a pres- 
sure difference over the substrate 3, whereby the sample 
fluid is forced through the channels of the substrate 3, 
thereby creating a low pressure within the wells 2. By remov- 
5' ing the low pressure in the chamber 12, the sample fluid is 
automatically forced back through the channels of the sub- 
strates 3 into the wells 2. Of course, it is possible to cre- 
ate a high pressure in the chamber 12 to force the sample 
fluid through the channels into the wells 2 more rapidly. By 

10 altematingly creating a low pressure in the chamber 12 and 
removing the low pressure, the sample fluids are forced 
through the channels of the substrate a number of times. The 
individual sealing of each of the wells 2 shows the advantage 
that a malfunction of one of the substrates 3, which prevents 

15 the creation of a pressure difference over the substrate, 
will not prevent normal use of the other substrates 3 . 

The imaging of the bioassay is done from above 
through the transparent cover 7 using a CCD camisra for exam- 
ple. This allows a real time kinetic measurement. The height 

20 h of the chamber 12 is such that a standard microplate with a 
corresponding array of wells can be located in the chamber 12 
to collect filtrate from the microplate 1. The chamber 12 can 
further be used as a humidifying chamber by releasing a small 
amount of liquid in the chamber. Thereby evaporation of sam- 

25 pie liquid is significantly reduced at elevated ten^eratures 
and during extended operations • Flow- through washing of the 
substrates 3 is possible. The drain connection 14 allows the 
disposal of the washing liquids. 

Preferably the incubation device 5 is part of an ap- 

30 paratus for conducting high throughput screening tests, an 
embodiment of which is shown in a very schematical manner in 
Fig. 5. According to Fig. 5, the apparatus comprises a plat- 
form 18. supporting a device 19 for linearly moving the incu- 
bation device 5. By means of the device 19, the incubation 

35 device 5 can be positioned with great accuracy in the X- 

direction at the locations A-D indicated in Pig. 5. In loca- 
tion A, the incubation device 5 is in a position for loading 
a microplate 1 into the device 5 by means of a robot. A dis- 
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penser station 20 is located in position B. This station 20 
is adapted to dispense a washing liquid into the wells 2 of 
the microplate 1. After treatment of the raicroplate . 1 at the 
location B, the incubation device 5 ip moved into position C, 
5 where a further treatment of the microplate 1 is possible. 
For this treatment a special cover 21 is placed on the incu- 
bation device 5. This cover 21 is provided with an array of 
needles 22 corresponding with the array of wells 2 of the mi- 
croplate 1, Through these needles 22, the pressure within the 
10 wells 22 above the substrates 3 can be increased to facili- 
tate the flow of the sanple liquid through the substrates 3. 
Further, air can be blown on the substrates 3 through these 
needles 22 • 

A reading station 24 is provided at the location D. 

15 In order to read each of the substrates 3 the platform 18 is 
moveable in X and Y-direction. In this manner each substrate 
3 can be illuminated by a radiation source of the reading 
station 24 and the fluorescence is read by means of a CCD 
camera of the reading station 24. Instead of the illumination 

20 shown in Pig. 5, a so-called dark field illumination, i.e. 

illumination under an angle with respect to the sxabstrate, is 
also possible. 

Preferably, a microplate 1 is used meeting the stan- 
dard format as proposed by the Society for Biomolecular 

25 Screening (SBS) for microplates. This allows the use of cur- 
rent industry standards for screening applications and 
screening instrumentation, especially the use of automated 
robotic platforms. In this manner, the system as described 
can be used in applications such as genotyping, including SNP 

30 analysis, gene expression profiling, proteomics, ELISA-based 
bioassays, receptor -ligand binding bioassays and enzyme ki- 
netic bioassays. 

It will be understood that the system of the inven- 
tion allows parallel processing of a large number of microar- 

35 rays. A sequential fluorescent detection of the microarrays 
by imaging per well is facilitated by the flatness and loca- 
tion of the substrates in the same virtual plane. Further the 
dimensions of the wells, in particular the conical shape of 
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the wells allows the sequential fluorescent detection. The 
system is adapted to automation and is robot compatible. The 
individual sealing of the wells shows the advantage that in 
case of siabstrate breakage there is no interference of the 
5 control of the pressure variation at the other substrates. 
The microplate 1 allows for an on the fly spotting of the 
binding agents. 



described embodiment which can be varied in a number of ways 
10 within the scope of the claims. 



The invention is not restricted to the above- 
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CLAIMS 

1. System for conducting bioassays, comprising a sub- 
strate plate with a number of wells, and an incubation device 
for holding the plate, characterised in that the substrate 
plate comprises a microplate with an array of wells arranged 

in rows and columns, wherein the bottom of each well is a mi~ 
croarray substrate having oriented flow-through channels, 
and in that the incubation device comprises an incubation 
chamber for holding the microplate and a cover for sealing 
the incubation chamber, said incubation device having a heat 
block with array of openings, each opening adapted to receive 
a well of the microplate, wherein a sealing gasket is pro- 
vided for individually sealing each well of the microplate. 

2. System according to claim 1, wherein the incuba- 
tion device comprises a circumferential wall, wherein a seal- 
ing gasket is provided on the upper side of said circumferen- 
tial wall, said sealing gasket being adapted to sealingly en- 
gage the lower side of the microplate. 

3. System according to claim 1 or 2, wherein the 
maximum thickness of the incubation device heat block corre- 
sponds with the depth of the wells of the microplate, wherein 
preferably the circumferential wall of each opening is 
adapted to contact the outer wall of a well of the mi- 
croplate . 

4. System according to claim 3, wherein the wells of 
the microplate and the openings of the heat block are coni- 
cally shaped. 

5. System according to any one of the preceding 
claims, wherein the heat block, the circumferential wall and 
a bottom wall of the incubation device enclose an air chamber 
having a connection for an external vacuum/pressure system 
and a drain connection. 

6. System according to any one of the preceding 
claims, wherein the cover is transparent. 

7. System according to any one of the preceding 
claims, wherein the cover is provided with a heating element. 



wo 03/089137 




PCT/EP03/50115 



11 

8 . System according to any one of the preceding 
claims, wherein the inc\ibation. device is provided with a 
heating element. 

9. System according to any one of the preceding 

5 claims, wherein the sxibstrate is made of a metal oxide, pref- 
erably an aluminium oxide. 

10. Microplate, comprising an array of wells arranged 
in rows and columns, wherein the bottom of each well is a mi- 
croarray substrate having oriented flow-through channels. 

10 11. Microplate according to claim 10, wherein each 

well has a conical shape. 

12. Microplate according to claim 10 or 11, wherein at 
least the upper surface of the microplate and the inner side 
of the wells is non-reflecting. 
.15 13. Microplate according to claim 10, 11 or 12, 

comprising a skirt having a lower side, wherein the 
substrates of the wells are substantially located in the same 
virtual plane and the lower side of the skirt is located in 
the same virtual plane or at a higher level. 
20 14. Microplate according to any one of claims 10-13, 

wherein all substrates are substantially located in the same 
virtual plane. 

15. Microplate according to any one of claims 10-14, 
wherein the substrates are incorporated in the plate by 

25 moulding, glueing, thermal bonding or the like. 

16. Microplate according to any one of claims 10-15, 
wherein the substrate is made of a metal oxide, preferably an 
aluminium oxide. 

17. Incubation device for a system according to any 
30 one of claims 1-9. 

18. Apparatus for conducting high throughput screening 
tests, comprising a system according to any one of claims 1- 
9, a device for linearly moving the incubation device along a 
plurality of stations including a station for loading a rai- 

35 croplate into the incubation device, a station for dispensing 
a liquid into the wells of the microplate, and a reading sta- 
tion for individually illuminating each substrate of the mi- 
croplate, wherein a device is provided for moving the inciiba- 
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tion device with the microplate with respect to the reading 
station in mutually perpendicular directions. 
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